The taxonomic identification for Opeas sp., Subulina sp. and Huttonella bicolor were based on Jutting [9] . A comparison of the snails Subulina sp., Opeas sp., and Abstract -Shell morphological characters and allozyme electrophoresis were used to study the relationships among six geographical populations of land snails collected from Peninsular Malaysia. Allozyme electrophoresis was used to study the genetic variations to complement the morphological features studied that included shell lengths, numbers of whorls and shell colour. Ten loci coding for six enzymes ( MDH, LAP, ALP, PGM, G6PDH , and EST ) could be reliably scored in samples from the six populations studied. The dendrogram showed two major clusters with one cluster comprising Subulinidae populations from Perak, Selangor, Johor, Terengganu, and Pahang while the other cluster included only the Streptaxidae Huttonella bicolor (red) population. The Subulinidae populations were grouped into two subclusters: one subcluster included the Subulina sp. populations from Perak, Selangor, and Johor, while the other subcluster included the Opeas sp. populations from Terengganu and Pahang. Morphological features can identify the different families ant therefore they can complement the allozyme genetic studies on the land snail populations. Like other reports in the literature, our results also underline the importance of a genetic approach in conjunction with a morphological approach, for discriminating land snail species. The present results suggest that small land snails, which were similar in colour but different in sizes, were not of the same family/genus.
INTRODUCTION
Published studies on land snails in Malaysia are limited, although land snails are ubiquitous gastropods in Peninsular Malaysia. In some sampling sites, only snails of a certain size or length could be found. Although they are identical in colour, they could be differentiated as being found in different geographical areas, many complications can still arise. When only morphological studies are done, the question of "Are the snail populations with similar shell colour of different families or species?" could arise. This question stems from the possibility that smaller snails with similar colour could be of similar species or the juveniles of larger individual snails collected from other geographical areas. Therefore, it is important to clarify the doubt and to understand the relationship between morphological features and genetic variations of small land snails better.
Among the available genetic markers, allozymes have shown to be very powerful when studying genetic variations at the interspecific level and when differentiating between closely related species, especially during the juvenile stages [1] . Through the use of gel electrophoresis, much experimental work had been done to measure the levels of genetic variations in natural populations of animal species [2] [3] [4] . In the literature, many studies of genetic variations in gastropods were conducted by using starch gel electrophoresis [4] [5] [6] [7] . Discrimination of land snail species through morphological characters is difficult because of morphological similarities between the different species. To evaluate the genetic variability between populations of two closely related snail species, isozymes have been widely used as genetic markers to describe genetic relationships [8] . This suggests that convenient and reliable genetic markers are necessary to investigate population structures. The aim of this study was to identify land snails collected from 6 geographical locations from Peninsular Malaysia belonging to different families/species by integrating allozyme variations and some morphological characteristics.
MATERIALS AND METHODS
Sample collection. Yellow small-shelled snails were collected from five locations in Peninsular Malaysia (Fig. 1) . For comparative purposes, a red small-shelled snail was also sampled. After collection, the samples were frozen immediately at -70 ° C to preserve the enzymatic activities until electrophoretic studies.
H. bicolor are shown in Figs. 2 and 3 and the genera identification was based on Berry [10] and Awang [11] . The shell lengths were measured to the nearest 0.1 mm by using vernier callipers while the numbers of whorls were calculated by examining specimens under a dissecting microscope (10 × magnification).
The manually homogenized fluid sample was imbibed onto Whatman no. 1. filter-paper inserts. The 6 enzyme staining recipes used in this study are summarized in Table 1 . The CA-7 buffer system as described by Steiner and Joslyn [12] was used in this study. Horizontal starch gel electrophoresis (STAGE) was conducted at 3-5 ° C using 230 V/gel slab. The starch gel was prepared by using 12% starch (Sigma, St. Louis, United States). Inserts were removed after running for 30 min, and the run was resumed until the tracker dye, bromphenol blue, reached the anodal end of the gel. After electrophoresis, the gels were sliced, and the enzyme staining recipes used were from Shaw and Prasad [13] and Harris and Hopkinson [14] with slight modifications.
For any locus, the commonest allele in the control population from Selangor was designated allele 100. All other alleles were labelled according to their band mobilities, more or less anodally in millimeters from the allele 100 band [15] .
Data analysis. The BIOSYS-1 computer package of Swofford and Selander [16] 
RESULTS

Morphological Studies
Shell colors, shell lengths and number of whorls showed differences among the populations. The means and ranges of shell length and numbers of whorls are shown in Table 2 . Three groups of snails could be categorized based on the three morphological characters. First, the lengths and number of whorls of the yellowish snail populations from Perak, Selangor, and Johor ranged from 10.1 to 18.7 mm and 7 to 9, respectively. Second, those of the yellowish snail populations from Terengganu and Pahang ranged from 0.33 to 0.52 mm (shell length), and 4 to 5 (number of whorls). The third group was the only red snail population from Selangor with length 6.80-7.90 mm and number of whorls 7.
Significant correlation coefficients ( R = 0.53, P < 0.05 to R = 0.90, P < 0.001) were found between shell length and number of whorls ( Table 3 ). The high R value indicates that when the shell length increased, a significant ( P < 0.001) increase in the number of whorls, can also be found.
Allozyme Studies
Nine enzymatic activities were tested for during the electrophoretic assay in this study, namely, malate dehydrogenase (MDH), acid phosphatase (ACP), leucine aminopeptidase (LAP), alkaline phosphatase (ALP), phosphoglucomutase (PGM), glucose 6-phosphate dehydrogenase (G6PDH), β hydroxybutyrate dehydrogenase (HBDH), sorbitol dehydrogenase (SDH) and esterase (EST). However, only six enzymes coded for by ten loci were successfully stained for and were scorable (Table 1) . Among the ten loci, only locus EST-1 was monomorphic for the same allele (100) in all populations and therefore it was not a useful marker to differentiate the geographical populations of the small land snails collected. The remaining nine loci were polymorphic in all the populations and they were suitable for comparative purposes.
The allele frequencies of the ten loci studied in all the populations are presented in Table 4 . The genetic variability in the six populations studied was estimated based on the heterozygosity of allele frequencies. The polymorphic percentages of the ten loci ranged from 20.0% in the red snail population to 40.0% in the Perak population ( Table 5 ). Deficiencies of heterozygosity were observed in all populations except for the H. bicolor populations (Table 5 ). Table 6 generally shows deviations (deficiencies of heterozygosity in all the populations except for the H. bicolor population) from HardyWeinberg equilibrium based on chi-Square testing for the ten loci studied. The matrix of Nei's [17] genetic distances (D) and similarities (I) in all populations based on ten loci, is given in Table 7 . The highest value for genetic distance (1.225) was between the populations of H. bicolor (red) and Selangor, while the lowest value (0.037) was found between the populations of Pahang and Terengganu. In Fig. 4 , he dendrogram of genetic relationships showed that the populations were divided into two major clusters based on Nei's [17] genetic similarity. One major cluster includes five populations from Perak, Selangor, Johor, Terengganu, and Pahang, while the other major cluster includes only the H. bicolor (red) population. The former cluster was further divided into two subclusters, one of which included the Perak, Selangor, and Johor populations while the other included the populations from Terengganu and Pahang.
DISCUSSION
The morphological characteristics of these small land snails analyzed in this study showed that the large yellow and the small yellow snails were from the family Subulinidae, while the red snail is Streptaxidae [9] . It was found that the populations from Perak, Selangor, and Johor were different from those collected in Terengganu and Pahang. The snail populations collected from Perak, Johor, and Selangor were identified as Subulina sp. while the Terengganu and Pahang populations were identified as Opeas sp. The red snail H. bicolor showed the most distinct morphological difference when compared to the yellow snails. This variation in shell surface could possibly be dependent on the soils on which the snails were found. In addition, such interspecific shell differences may result from either the two species, at times, occupying separate microhabitats and thus being influenced by different selective regimes or from the random divergence of two separated gene pools. The taxonomic problem at the generic level should be investigated in future studies.
When the samples were collected, it was noticed that the yellow snails (Subulina sp. and Opeas sp.) were more abundant than the red snails (H. bicolor). Shell colour provides a consistently useful diagnostic morphological maker to distinguish H. bicolor (red snails) from the yellow snails. In addition, variation in colour may be caused by genetic and environmental factors. However, among the yellow snail populations, a question that may arise is "Are the small yellow snails 
Note: Ns, not significant; +, significant observed excess of heterozygotes, P < 0.05; -, significant observed deficiency of heterozygotes, P < 0.05; Homo, homozygous locus.
younger individuals of the large yellow snails collected from other locations?" The yellow-shelled snail populations from Perak, Selangor, and Johor were found to have slightly more numbers of whorls (range from seven to nine) than the populations from Terengganu and Pahang (range from four to six). Only the H. bicolor population had seven whorls. This combination of shell lengths and numbers of whorls is sufficient to distinguish between the group 1 (Perak, Selangor, and Johor) and the group 2 (Terengganu and Pahang) populations. However, there are smaller snails with lower number of whorls is actually of similar species of those with bigger size snails with higher number of whorls.
The differences between the families Subulinidae and Streptaxidae are complemented by both morphological characters as well as by the allozyme results. Variations in size, numbers of whorls and colour of the shells could be induced by local ecological conditions such as moisture, temperature, predation and calcium content of the environment. Snails from the Perak population have well-calcified shells. This could have caused the greater shell lengths of the snails collected from Perak since they were collected near limestone caves, when compared to those collected elsewhere with different ecological systems. In areas deficient in calcium the shells are more fragile. The streptaxid snails are carnivorous and feed upon small invertebrates including other snails [10] . In contrast, the subulinid snails feed on dead vegetation or crops and have become minor garden and grass house pests in areas such as Europe and the United States of America. This land snail is widespread in Malaya especially in cultivated areas [10] . In addition, the colour of the subulinid shell is yellowish brown [10] . Unfortunately, there is no recent literature available about the subulinid and streptaxid snails reported from this region.
The deficiencies of genetic heterozygosity found in five populations of land snails in this study were supported by the results of Mukawatirwa et al. [19] who similarly reported deficiencies of heterozygosity in 15 populations of the African snail, Bulinus spp., based on five polymorphic loci. It was assumed that partial selfing is the mode of breeding [19] . Such results also indicated that non-random mating had occurred. An increase in homozygotes also indicated limited gene flow or dispersibility due to the limited migration of land snails from one place to another. This has also led to the observed morphological and genetic differentiation among neighboring populations which is the probable cause of the taxonomic confusion surrounding the different species of land snails.
Several researchers had attempted to use electrophoretic techniques to give a strict genetic interpretation between different molluscs species. Oniwa et al. [20] did a study on genetic variability in two snail species Semisulcospira libertina and S. reiniana, by examining 18 polymorphic allozyme loci through starch gel CHOH et al.
electrophoresis. Land snails of the family Helicidae exhibited extensive variations in colour and in ornamentation of the shell with longitudinal bands. Ridway et al. [21] conducted an experiment to study the morphological and genetic differentiations of the snail Patella granularis (Gastropoda: Patellidae), which led to the recognition of two sibling species along the coast of southern Africa. The genetic relationship between populations or between species is a function of the differences between them in allele frequencies, with this relationship usually expressed in terms of genetic distance [17] . The genetic distance and similarity values revealed the relationships among the land snails especially among different species like Subulina sp., Opeas sp., and H. bicolor.
The dendrogram based on Nei's [17] similarity in Fig. 4 is able to distinguish among the different families/genera present among the six populations. The six populations were divided into three groups, namely, group 1 which included populations from Perak, Selangor, and Johor, group 2, which included populations from Terengganu and Pahang, while group 3 only contained the H. bicolor population. The clustering pattern observed could be due to geographical differences apart from genetic differentiation due to distinct dissimilarities in genetic structures and morphological features. At the genetic level, evolution consists of changes in the genetic constitution of populations [22] . The three genetic groups were also similar to the groupings formed based on their morphological characteristics, namely, large size and yellow snail populations (group 1), small size and yellow snail populations (group 2), and the single population of red snails (group 3). The mean value of the genetic distance between groups 1-2 was 0.780, while those between groups 1-3 and 2-3 were 1.078 and 0.921, respectively (Table 8 ). According to Nei [23] , the genetic distance indicates the magnitude of genetic differentiation among populations. Genetic distance commonly ranged from nearly 0.01 for population within species, 0.10 for different subspecies and 1.00 for different species [23] . Therefore, this suggests that at least two species and three subspecies were present in the six populations that we studied. The mean value of genetic distances we obtained in our study were higher than the range generally observed between conspecific populations (genetic distance = 0-0.05 [24] ) and the mean value of Nei's [17] genetic distance (0.048) for the green-lipped mussel Perna viridis collected from the west coast of Peninsular Malaysis [15] . In addition, the range is much higher than those between subspecies populations (genetic distance = 0.230 [25] ). The genetic distance values from the present study are also higher than those reported for allopatric species of other mussel species [26] . Further studies using DNA level markers on these species should be done to ascertain whether specimens of land snails collected from Peninsular Malaysia are useful for biomonitoring purposes.
The present results showed that morphological characters are useful to identify the small land snail species, Subulina sp. (Perak, Selangor, and Johor), Opeas sp. (Terengganu and Pahang), and H. bicolor (Selangor), collected from Peninsular Malaysia. These morphological differentiations into distinct genera were also supported by the genetic studies. Therefore, a combination of morphological and genetic studies appears to be a useful tool in identifying these different genera of land snails. Our studies using morphology and allozymes revealed that these different snail populations are reproductively isolated. All the different families/species showed large amounts of variations among populations for both shell morphology and allozymes, emphasizing the need for comprehensive geographical sampling of the snail populations. Since the morphological and the genetic results were complementary to each other, this becomes an essential methodology fro establishing the suitability of land snail populations from different geographical locations as biomonitoring agents. A biomonitoring agent needs a relatively low genetic differentiation, wide geographical distribution and easy sampling. This knowledge is important for future studies in establishing terrestrial snails as biomonitoring agents of a phenomenon, whether due to pollution or as a result of man-induced activities. 
